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ABSTRACT
Wayfinding is a term used to describe navigational problem solving. There are a number
of factors on a map that can effect wayfinding ability. This experiment studied three variables;
the complexity of the map, the orientation of the map, and certain cartographical features of the
map on wayfinding ability. We predicted that there would be a significant main effect for all
three variables, and a significant interaction effect between all three. Participants were given a
map with a starting point and destination, they were asked to look at the map until they planned a
route from their starting point to their destination, then they were asked to return the map and
walk to the destination. Tobii eye tracking software was used to measure eye movements.
Results supported that there was a significant main effect for the complexity of the map. There
were also two two-way interaction effects. The results imply that participants spent significantly
more time looking at the complex building.
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INTRODUCTION
Wayfinding is the ability to go from where you are to where you want to go, and is
considered a type of spatial problem solving. It refers to the information that helps to guide us
through an environment (either familiar or unknown) and it increases our understanding of the
space. The process of wayfinding is still being debated however according to Lidwell and
Holden (2010) some of the steps include orientation, route decision, and destination recognition.
They define orientation as the first step because it involves determining our starting location.
This can be done by using our relationship to objects and landmarks around us along with
locating objects and landmarks around the desired destination. The next step is route decision;
this is the action of actually selecting the course we are going to attempt to travel. Lastly,
destination recognition is knowing we have reached the destination once we are there (or
relatively close to it).
Wayfinding is an important factor to include when designing the layout of a building.
The term “wayfinding” was originally coined by an architect named Kevin Lynch in his book
title Image of the City in 1960. Lynch stated that five main elements are needed in order for
people to be able to navigate themselves in an unfamiliar environment. The five elements are
landmarks, districts (major sections or specific grouping that is apparent in the map; for example,
a section of rooms that are grouped together and not touching other rooms), nodes (intersections
of hallways), pathways (clearly defined means of movement) and edges (boundaries that limit
movement for example walls and corners). The goal is to create a building that is easy for people
unfamiliar with the environment to navigate through. Most buildings have maps posted in
various spots throughout that can aid people in determining where they need to go. Since Lynch,
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several researchers have extensively researched the topic of wayfinding in order to determine if
there is an optimum way for people to reach their location. In Wayfinding: People, Signs and
Architecture, Arthur (1992) stated that along with the layout of the building and various signs
that aid people in determining their location, a third major factor was “People”. People being
verbal human interaction, for example stopping to ask a passerby if they know how to reach the
destination. Passini (1992) supported the idea proposed by Arthur and elaborated on ways to
improve wayfinding in an urban setting. He suggested implementing sign systems, interactive
maps, and information booths. As determined by Lynch, Arthur and Passini, there are a number
of factors that influence the efficiency of wayfinding. Certain map characteristics can aid an
observer in navigating through their environment.
The complexity of the map has been defined primarily by counting the number of
pathways. Lynch states that of the five elements the most important are paths, studies before
have not clearly defined how they determined the levels of complexity for each map. In this
study we defined map complexity as the amount of nodes and pathways. In order to account for
all aspects of complexity in this study, we controlled not only the most important variable
according to Lynch but also a secondary variable for added measure. By grouping the two
together we increased the number of nodes and the number of pathways for the more complex
map. As seen in Figure 1, our complex pathway has more nodes and pathways. Nodes and
pathways were not separated because we predicted that eye movements will not be precise
enough to differentiate between the two.
The characteristics of building maps play a large role in their usefulness: A map could be
more useful if the orientation of the map closely matches the observer’s viewpoint of the world
laid out in front of them. This principle has been studied in depth and is called “the alignment
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effect” (Levine, 1982). The basic premise is that a map that is most congruent with the way the
world is perceived in front of us would presumably be the easiest to navigate around because it
matches what is seen in the natural world. However, a map that pictures a flipped image of what
is seen in front of us would force our brain to also flip the spatial map we have created in order
to navigate to a destination. These types of exercises are grouped into the category of spatial
problem solving, this is a way to test one’s ability to solve spatial problems of navigation in
terms of visualizing objects from various angles. Warren, Scott and Medley (1992) measured the
amount of errors that occurred when a map is aligned or misaligned with the participant’s
environment. Their hypothesis stated that an increase in predictable errors would occur under
misalignment conditions. In this experiment, the participant was handed a map in one of two
orientations, either a map aligned with the environment or a map misaligned with the
environment. After the participant studied the map for a given amount of time the map was
removed and the participant then had to walk to the target destination. The results of this study
concluded that there were more errors in the misaligned map condition. This statement was
supported by the results of the study and further contributed to the validity of the alignment
effect.
Another study conducted by Aretz & Wickens (1992) investigated the cognitive process
that occurs when the participant flips the map their mind. Their independent variable was the
orientation of the map, the two conditions they experimented with was an ego-centered reference
frame and a world-centered reference frame. Ego-centered was defined as a reference frame that
corresponds to the forward perceptual view of the world. World-centered was defined as was a
reference frame that corresponds to a location on the map. Their data supported that there are
two sequential processes that occur when mentally rotating a map. The first cognitive process

MAP ORIENTATION AND WAYFINDING

7

aligns the map so that it is “track-up” meaning the top of the map corresponds with our forward
view. The second cognitive process brings the map forward to further adjust it to our perceived
environment. The study goes into further detail about how our mind compensates for the
incongruence that occurs when a map is misaligned with our perception of the world.
A question remains as to why are there spatial configuration influences on map usage.
Specifically, do users view maps differently with congruent or incongruent maps? The present
study investigated this using information from eye fixations. The visual system uses saccades to
quickly scan the visual environment. These quick, jumpy movements can occur multiple times
in a second if necessary. Fixations are when the eye stops scanning the visual field in between
saccades, and focuses on a given point for a certain amount of time. The reason we have
fixations is so our eyes can collect as much visual information at a given point as possible.
Fixations are built from gaze points, which are where a target or stimulus lands on the visual axis
having an actual X-Y axis coordinate location and a timestamp. (Tobii, Types of eye movements.
2015, August 6)
Fixations are the most common feature analyzed when investigating cognitive processes.
Kiefer et al. (2017) studied the different types of eye movement that are prevalent in spatial
cognition activities. In their experiment, researchers presented various navigational activities
(such as shaded relief maps) to the participants and recorded different aspects of eye movement
such as the duration of fixations, the path of saccades, and when these two factors are put
together they can develop what they call a scanpath. A scanpath is “the spatio-temporal sequence
of fixations which provides a good depiction of the viewers visual processing of a scene” (Noton
& Spark, 1971). A study by Liao et al. (2019) was conducted to determine which eye movements
were most prevalent in a spatial problem solving task. Researchers utilized machine-based

MAP ORIENTATION AND WAYFINDING

8

learning and recorded certain eye-movements and applied it to infer how well they performed in
real life pedestrian scenarios. They determined that the eye movement classifier they used
(measured five different types of eye movement) achieved an overall accuracy of 67% in
predicting real-world navigating applications. A study by Ohm et al (2016) investigated a new
way to evaluate guidance systems by creating a virtual environment with an eye tracking system.
Several eye movements were measure as the participant studied the virtual environment, results
supported that the creation of an attention map as well as identifying objects on the map based on
eye tracking interest is beneficial to navigating through a virtual environment.
What was apparent from previous research on wayfinding and eye movements was that
there was little research on how to quantify or describe if the alignment of the map affects
wayfinding. The purpose of the present study was to investigate if different types of map
orientation effect the accuracy of wayfinding and how it interacts with building complexity and
fixation location on the map. We predicted that the incongruent map will have the greater
duration of fixations compared to the congruent map. We also predicted that the more complex
map layout will have the higher number of duration of fixations than the simple map layout. We
predicted that there would be an interaction between building and congruency, building and
location, location and congruency, and therefore an interaction between all three variables.
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METHOD
Participants
This experiment consisted of 33 participants (5 males and 28 females; mean age was
19.68) selected from a mid-sized Southeastern University. Participants were recruited through
classroom sign-up sheets and were compensated with course extra credit.
Design
The research design was a 2 x 2 x 5 within-subject factorial experiment. The first
independent (IV) variable was the complexity of the floorplan/map used for the navigation
activity. Complexity was quantified based on the amount of nodes (intersections of hallways) in
each floorplan. The first map was the first floor of Miller Hall on the JMU campus, it had a basic
figure eight floor plan (see Figure 1). Miller Hall had two nodes and four corners. The second
map was the second floor of the Health and Behavioral Sciences Building on the JMU campus
which had a more Complex floorplan and was chosen as a more difficult condition (see Figure
2). The Health and Behavioral Sciences Building had ten nodes and six corners. While the map
complexity was manipulated, the task complexity was held constant by choosing destinations
where the most efficient route was two turns from the starting point. That is to say that all routes
from the starting point to the destination in both buildings could be reached in two turns, if the
most efficient route wasn’t chosen then it could be more than two turns. The second independent
variable was the orientation of the map with two levels: Congruent (rotated 0 degrees) and
Incongruent (rotated 180 degrees). A congruent map matched the participants’ viewpoint of the
orientation of the world in front of them, an incongruent map was turned 180 degrees and did not
match their view point. For example, a congruent map showed the participant starting point at
the bottom of the map, and the environment that was in front of the participant was above them
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on the map. An incongruent map showed the participants starting point at the top of the map and
the environment in front of the participant was beneath them on the map. The third variable was
the locations that were identified on the map as being key features. The five Location types
chosen were nodes, corners, starting point, destination, and hallway. During data collection
results were collected by measuring the duration of fixations on each of these five locations. The
dependent variable was fixation information recorded on the Tobii eye tracking device as the
participant is studying the map.
Materials
Materials in this experiment included congruent and incongruent maps of the buildings
and the eye tracking glasses software from Tobii Technology. Figure 1 of HBS and Figure 2 of
Miller were obtained from James Madison University. Maps were viewed on an 8 x 11 inch
paper. The Tobii eye tracking glasses was a portable eye tracker which allowed participants to
have their eye movements recorded while they are mobile (walking). The glasses tracked the
participant’s eye movements in real time and sent them wirelessly to the corresponding
compatible computer. Once the data was sent to the computer it was analyzed using the Tobii
software to assess eye movements. There was also an informed consent form and a familiarity
questionnaire used to assess how familiar participants are with the two buildings. A debriefing
statement was also distributed after the experiment was complete explaining the purpose of the
study.
Procedure
Before the trial begins the participant was given an informed consent form describing the
nature of the study and they were asked to sign it and given a copy. Participants were also asked
to complete a familiarity questionnaire. This questionnaire consisted of four questions per
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building, the overall purpose was to determine how often participants had been in the buildings
based on classes or other various events. Then they were taken to the starting point of one of the
two buildings, depending on which condition they are randomly assigned first. Two paths of
equal difficulty were created in each building. The paths were equated based on amount of nodes
and corners passed on route to the destination as well as the number of turns it takes to get to the
destination. Each subject completed one of a building’s paths in the congruent map condition and
the other in the incongruent condition. Paths and starting building were counterbalanced across
subject using a Latin-square procedure. After arrival at the starting location, the eye-tracking
glasses were securely fitted and a calibration procedure was completed, and the participant was
shown a map with their current location marked with a green circle and a specified destination
which was marked with a pink X. This map was presented to them in either the congruent on
incongruent condition. They were allowed an unlimited amount of time to study the map, and
when they finished, they returned the map and walked to the specified destination. This
procedure was repeated for the other pathway before walking to the other building and
completing two more paths. At the end of the experiment the participant was debriefed and
released.
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RESULTS
Participants were asked about their experience in each building by filling out a familiarity
questionnaire. The number of classes participants had in each building was used in a paired t-test
to determine if there was a significant difference of familiarity between buildings. The average
number of classes in Miller was 3.48 (SD = 3.18), and the average number of classes in HBS was
2.42 (SD = 1.39). There was no difference in familiarity between the buildings (p = 0.127).
A 3-way repeated measures ANOVA was conducted to compare the effect of the
complexity of the map (simple or complex), the orientation of the map (congruent or
incongruent) and cartographical features on map (node, corner, hallway, starting point,
destination) on the duration of fixations. The data was tabulated by analyzing videos from eye
tracking software and summing together the duration of fixations for each cartographical feature.
The final data was created by dividing the total duration of fixations for each cartographical
feature by the overall total duration of fixations for each trial to obtain a percentage. These
percentages were then entered into SPSS and results were calculated.
There was a significant effect of complexity of the map (F (1, 31; MSE < 0.001) = 5.073,
p = 0.032). This effect could suggest that participants looked at the complex building map for a
longer amount of time. No other main effects were significant.
Two of the two-way interactions were also significant. As shown in Figure 3 there was a
significant interaction between location and orientation of the map, F (4, 124; MSE = 0.022) =
6.047, p < .001). There were similar patterns with nodes, corners, and hallways, but a large
difference with starting point and destination: participants fixated more on their destination in the
congruent condition while the opposite was trust in the incongruent condition.
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There was a significant interaction effect between location and orientation of the map, F
(4, 124; MSE = 0.023) = 58.96, p < .001 as shown in Figure 4. The graph shows that nodes were
fixated on for approximately 45% of the time when participants viewed the complex map, for the
simple map corners and destination were fixated on for significantly more time than the complex
map.

Figure 3: The graph displays the estimated marginal means plot of location interaction with
congruency: location is on the x-axis and congruency as two separate lines, congru 1 (blue) is
congruent, congru 2 (red) is incongruent. Location codes are as follows (1:Node, 2:Corner,
3:Hallway, 4:Starting Point, 5:Destination).
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Figure 4: The graph displays the estimated marginal means plot of location interaction with
building: location is on the x-axis and complexity as two separate lines building 1 (SIMPLE) and
building 2 (COMPLEX). Location codes are as follows (1:Node, 2:Corner, 3:Hallway, 4:Starting
Point, 5:Destination).

DISCUSSION
This study investigated the effect of map complexity, map orientation, and cartographical
features on wayfinding. There were three variables in this experiment: orientation of the map
(congruent or incongruent), complexity of the map (simple or complex), and cartographical
feature (node, corner, hallway, starting point, destination). Data showed that some of the
predictions were supported. We predicted that there would be main effects for each independent
variable, however there was only a main effect for complexity of the map. The main effect
findings for complexity of map supports that the more complex building significantly increased
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the duration of fixations. We also predicted that there would be an interaction effect between
each variable (three interactions), however there were only two interaction effects.
Based on Figure 3, we can see that for the incongruent condition the percentage of time
spent looking at the starting point is higher than that in the congruent position. This increase
suggests participants spend more time orienting themselves to where they are beginning the task
before planning a route to the destination. This task was markedly more difficult when the map is
not congruent the visible environment because the image needs to be mentally flipped or rotated.
Figure 3 also shows that there is a significantly higher duration of fixations at the destination
location in the congruent condition. This suggests that since less time is spent locating the
starting point in the congruent condition, the majority of time (percentage-wise) is spent locating
the destination.
Figure 4 shows there is a significantly higher duration of fixations at the node locations in
the more complex building. This suggests that participants spent more time looking at nodes in
order to decide where to turn to achieve the most effective route. Figure 2 also shows that there
is a significantly higher duration of fixations at the corner locations in the less complex building
and a significantly higher duration of fixations at the destination location in the less complex
building. This suggests that due to its rectangular structure, the critical points in determining a
path consisted of corners. The significant increase of duration in destination suggests that
participants did not need to spend much time orienting themselves to their starting point because
the map was much simpler, so the majority of their time was spent determining the location of
the destination.
Since this study was the first to examine the effect of map orientation by measuring fixations
there aren’t any past studies to compare results. However, the results we obtained are supported
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by the idea of Lidwell and Holden (2010), they stated that wayfinding consisted of a number of
factors, some of which include orientation, route decision, and destination recognition. The
results of this study suggest that when a map is congruent with the participants’ environment,
more time will be spent on destination recognition. When a map is incongruent with the
participant’ environment more time will be spent on orientation.
This experiment also supports the alignment effect (Levine, 1982). Participants spent less
time looking at the congruent map because it matched their perspective of the environment very
closely. They spent more time looking at the incongruent map because it did not match their
perspective which made it more difficult to navigate.
Similar to Warren, Scott and Medley (1992), this experiment had an aligned (congruent) with
the environment condition and a misaligned (incongruent) with the environment condition.
However, this study measured the duration of fixations on each map, while Warren, Scott and
Medley measured the amount of errors. In their study, participants were handed either an aligned
or misaligned map then they were asked to walk to the target destination, and the amount of
errors were recorded. The results of their study concluded that there were more errors in the
misaligned condition. While our study did not have a significant main effect for the orientation
of the map, we did have a significant interaction effect for orientation of the map (congruency)
and cartographical features on the map (location). This results of our study further contributed to
the Warren, Scott and Medley study because it suggests that there is a difference in an aligned
map and a misaligned map.
One potential limitation to this study is that the participants all had some experience with the
buildings; naïve observers may have behaved differently. Our counterbalancing was designed to
eliminate practice effects, but prior experience with the buildings may have still played a role.
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The results from the present study contribute to the study of wayfinding and understanding how
maps are used. Importantly, map orientation as well as building complexity need to be taken into
account when optimizing observers’ map usage strategies. Future studies could have an
intermediate level that rotates the map 90 degrees instead of the full 180 degrees. Given that
there are differences in participants’ perceptual behavior when they respond with verbally versus
actual walking (Andre & Rogers, 2006), another future study could include both types of
measures to investigate potential differences.
In summary, the results of this study suggests that when a map is misaligned from the
viewers’ perspective the majority percentage of the time is spent orienting themselves on where
they are. Researchers could use this information to create maps that are more interactive. For
example, a map that allows the viewer to physically rotate it in order to view the map from a
congruent position. This could lead to the viewer spending less time determining their
orientation.
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